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Introduction
Early UL/DL data transmission (EDT) in Msg3/Msg4 is being introduced in Rel-15 for both NB-IoT UEs [1] and BL/CE UEs [2].
RAN1#91 sent the following response to an LS from RAN2 [3][4]:
	RAN1 thanks RAN2 for their LS on early data transmission in NB-IoT to which RAN1 replies and requests further information as follows.
To the questions in the LS from RAN2:
1) RAN2 question: To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, RAN2 assumes that Rel-13 PUSCH TB sizes can be used. Is such assumption viable? If not, what are the possible TB sizes for PUSCH transmission for EDT for eMTC and NB-IoT respectively?

RAN1 reply:
For NB-IoT, RAN1 will select from the Rel-13 NPUSCH TBS values, and it is feasible to support at least 5 MCS/TBS/RU size combinations. (RU = resource unit).

For eMTC, RAN1 will select from the Rel-13 PUSCH TBS values, and the maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3. 

Note that RAN1 replied in part in a previous LS R1-1719103.

2) RAN2 question: To support above TB sizes for Msg3, would there be need for new UL grant format(s) in RAR?  If yes, what changes are foreseen?

RAN1 reply:
For NB-IoT, it has been agreed in RAN1 that:
· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4

RAN1 respectfully ask RAN2:
1. To inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC.
2. To provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.
3. To inform RAN1 whether one reserved bit in MAC RAR can be used for the EDT feature for eMTC.



RAN2#100 briefly discussed padding issues in Msg3 for EDT and subsequently carried out an email discussion on how to address these padding issues [5].
Discussion
[bookmark: _Hlk506575171]RAN2 has agreed that NPRACH partitioning is used to indicate a UE’s intention to use EDT in Msg3. There is no strict need for maintaining the MAC RAR message for EDT backwards compatible with the MAC RAR message for non-EDT, but it may be beneficial from implementation reusability point of view if the changes are small compared to legacy. In the following we consider ways to adapt the UL grant for EDT without increasing the UL grant size.
Figure 1 shows the definition of the MAC RAR message for NB-IoT UEs [6]. As can be seen from the figure, the UL grant field is 4+8+3=15 bits. Table 1 shows the definitions of the UL grant field in the MAC RAR for NB-IoT [7].


[bookmark: _Ref494242395]Figure 1: Definition of MAC RAR for NB-IoT

[bookmark: _Ref494242679]Table 1: Random Access Response Grant Content field size
	DCI contents
	Number of bits

	Uplink subcarrier spacing
	1

	Subcarrier indication field
	6

	Scheduling delay field
	2

	Msg3 repetition number
	3

	MCS index indicating TBS, modulation, and number of RUs for Msg3
	3

	Total Nr-bits
	15



Table 2 shows the definition of the MCS index field [7]. As can be seen, the MCS index field has 3 bits but only 3 out of 8 values are currently utilized, and in all 3 cases the TBS is 88 bits. If it is desired to keep the 3 legacy values for fall-back operation, there are thus 5 reserved values that could be used for EDT grants without increasing the field size. If it is not necessary to support all 3 legacy values for fall-back, up to 8 values in this field can be used for EDT grants without increasing the field size.
[bookmark: _Toc506573817][bookmark: _Toc506573837][bookmark: _Toc506573851][bookmark: _Toc506573862][bookmark: _Toc506573877][bookmark: _Toc506574154][bookmark: _Toc506574167][bookmark: _Toc506575185][bookmark: _Toc506576445][bookmark: _Toc506576509][bookmark: _Toc506576527][bookmark: _Toc506572350][bookmark: _Toc506572844][bookmark: _Toc506573215][bookmark: _Toc506588483]If RAN2 indicates that only a small number of (additional) TBS/MCS values are needed, they are accommodated in the existing MCS index field for NB-IoT.

[bookmark: _Ref506568778]Table 2: Definition of MCS index field
	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	reserved
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved



RAN2 is discussing solutions for reducing excessive padding when the data in the UE buffer is small compared to the scheduled grant [5]. According to some solutions, the UE will be able to select a smaller Msg3 size than the scheduled grant, and the eNB may need to detect the selected Msg3 size blindly. In this case, if it is desired to allow eNB to indicate dynamically whether the UE may select a smaller Msg3 size, some indication in the UL grant would be needed (possibly some entries in the MCS field). Considering the desired ranges for TBS and number of RUs and potential indication of whether the UE may select a smaller size than the granted one, perhaps the total number of required MCS indices will exceed 8.
Assuming that it is not considered necessary to support 3.75 kHz subcarrier spacing in EDT, the Uplink subcarrier spacing field can be removed from the UL grant, and the Subcarrier indication field size can be reduced from 6 bits to 5 bits since only 19 values are needed as can be seen in Table 3 [7].
[bookmark: _Toc498606032][bookmark: _Toc498606176][bookmark: _Toc498606190][bookmark: _Toc498606197][bookmark: _Toc498606217][bookmark: _Toc498607168][bookmark: _Toc498696774][bookmark: _Toc498697380][bookmark: _Toc498697663][bookmark: _Toc498698958][bookmark: _Toc498699458][bookmark: _Toc498699846][bookmark: _Toc498699851][bookmark: _Toc498700385][bookmark: _Toc506468582][bookmark: _Toc506468704][bookmark: _Toc506468802][bookmark: _Toc506468960][bookmark: _Toc506469411][bookmark: _Toc506469541][bookmark: _Toc506469625][bookmark: _Toc506469901][bookmark: _Toc506469917][bookmark: _Toc506568702][bookmark: _Toc506568804][bookmark: _Toc506569800][bookmark: _Toc506569810][bookmark: _Toc506570036][bookmark: _Toc506570207][bookmark: _Toc506570221][bookmark: _Toc506570250][bookmark: _Toc506570754][bookmark: _Toc506571908][bookmark: _Toc506571975][bookmark: _Toc506572132][bookmark: _Toc506572351][bookmark: _Toc506572845][bookmark: _Toc506573216][bookmark: _Toc506573819][bookmark: _Toc506573838][bookmark: _Toc506573852][bookmark: _Toc506573863][bookmark: _Toc506573878][bookmark: _Toc506574155][bookmark: _Toc506574168][bookmark: _Toc506575186][bookmark: _Toc506576446][bookmark: _Toc506576510][bookmark: _Toc506576528][bookmark: _Hlk506574920][bookmark: _Toc506588484][bookmark: _GoBack]If the MCS field in the EDT RAR UL grant for NB-IoT needs to be increased, consider removing the Uplink subcarrier spacing field (1 bit) and reducing the Subcarrier indication field size from 6 bits to 5 bits.


[bookmark: _Ref506569833]Table 3: Definition of Subcarrier indication field (with )
	
Subcarrier indication field ()
	
Set of Allocated subcarriers () 

	0 – 11
	


	12-15
	


	16-17
	


	18
	


	19-63
	Reserved



Conclusion
We propose the following:
Proposal 1	If RAN2 indicates that only a small number of (additional) TBS/MCS values are needed, they are accommodated in the existing MCS index field for NB-IoT.
Proposal 2	If the MCS field in the EDT RAR UL grant for NB-IoT needs to be increased, consider removing the Uplink subcarrier spacing field (1 bit) and reducing the Subcarrier indication field size from 6 bits to 5 bits.
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